Background: A gluten-free diet treats coeliac disease, but its efficacy depends on
| INTRODUCTION
Coeliac disease is a chronic autoimmune condition characterised by small intestinal villous atrophy and often presenting with clinical symptoms. 1 The only current treatment for coeliac disease is a strict gluten-free diet to achieve clinical and histological remission, thereby reducing risk of associated nutritional deficiencies, infertility, osteoporosis and gastrointestinal malignancies. 2, 3 The estimated prevalence of coeliac disease is growing, particularly in Western countries, 4, 5 with Australia having one of the highest estimated prevalence of approximately 1.5%. 6 While a gluten-free diet is considered a safe and largely efficacious treatment, it is costly 7 and can be socially isolating, 8 which have been shown to be barriers to dietary adherence. [9] [10] [11] Furthermore, due to the nature of a dietary treatment, there is arguably a bigger burden of responsibility on the patient compared to many medication-based treatments. 12 Patient factors that predict good adherence are therefore very relevant to achieving optimal treatment.
Data on dietary adherence of a gluten-free diet in a coeliac disease population are variable, with rates ranging between 42% and 91%, depending on definition and method of assessment. 13 Studies from North America and Europe have associated dietary adherence with higher levels of education, younger age at diagnosis, 11, 13, 14 membership of coeliac disease advocacy groups, 10 quality of life and mental disorders 15, 16 2 | ME TH ODS
| Survey description
An internet-based survey (SurveyMonkey; San Mateo, CA) was used to gather data. All participants accessed the survey via a web-link. coeliac disease, the advertisement specified that patients diagnosed with coeliac disease for at least 6 months and aged ≥13 years were to complete the survey. On entering the survey website, an introductory paragraph described the target population and the purpose of the survey, which was to identify predictors of adherence to a gluten-free diet. It specified that only the person with coeliac disease was to complete the survey and strict adherence to the diet was not essential for eligibility. It was confirmed that participation was voluntary and any provided personal identifying information was optional and kept confidential.
The survey comprised of 44 questions and took approximately 15 min to complete. An additional 37 questions were included to assess psychological factors impacting adherence. 17 Data from this component of the study are described elsewhere. 18 The first question was used to obtain consent. If the participant did not consent to take part in the survey, they were directed to the survey completion page.
If consent was obtained, participants were then asked an inclusion criterion question for confirmation of coeliac disease. Participants were directed to the survey completion page if they answered "No" or "Unsure" to the question "Do you have coeliac disease?". 26, 27 From this latter knowledge of ingredients, a "knowledge score", allocating 1 point to each correctly answered ingredient out of 9 was generated.
Additionally, participants rated their knowledge on how to adequately follow a gluten-free diet according to the categories "excellent", "good", "fair", "poor" and "terrible".
| Statistical analyses
All descriptive data, including participants' demographics, were 
| Demographics
Demographics of the 7044 respondents are detailed in Table S1 .
Almost 80% of respondents were female, over 36 years of age, and from Australia (80%). Fourteen percent were from New Zealand, which is a similar response rate to Australia per capita and the vast majority were Caucasian (91%).
| Diagnosis and management of coeliac disease
Descriptions of diagnosis and management of the 7044 participants are detailed in Table 1 . Most were diagnosed with coeliac disease via gastroscopy and small bowel biopsy (84%). A small proportion of people (2%) claimed to be diagnosed via the nondiagnostic methods of HLA genotyping and/or symptoms and the data from those respondents were included in the analysis (Table 1 ). Approximately half of the participants (n = 3591) were investigated for coeliac disease due to symptoms; however, almost three-quarters of participants (n = 5195) reported symptoms after gluten exposure (Table 1) . Upon diagnosis, more than one-third of people had not seen a dietitian for education of a gluten-free diet and, of these, many sought information from their state coeliac disease organisation (n = 1567; 22%), the internet (n = 1281; 18%) and from friends/family (n = 713; 10%); 58 people reported having received no information about treatment at all. When asked whether they follow a gluten-free diet, 1% (53) of participants responded "no" and the main reasons for non-adherence were difficulty during travel (n = 22), general difficulty in following the diet (n = 21), expense (n = 19), lack of symptoms (n = 19) and enjoyment of gluten-containing foods (n = 17). As recommended by the Australian and New Zealand national food standards, 27 the majority of people do not eat oats as part of a gluten-free diet (86%; Table 1 ). A large proportion of people (40%) were also restricting another food component, the most common being lactose (n = 1124), while 622 were following a low FODMAP diet, 461 were dairy free, and 303 were pescatarian, vegetarian or vegan.
| Knowledge of coeliac disease and a gluten-free diet
A total of 6312 participants completed the knowledge questions.
Most participants rated themselves as excellent (n = 4088; 65%), twice as many as good (n = 2006; 32%), followed by fair (n = 194; 3%). Only 21 and 3 participants rated themselves as having poor and terrible knowledge, respectively. The knowledge score, based on correct identification of 9 ingredients as gluten-free or gluten-containing, was associated with self-assessment of knowledge (perfect score in self-rating categories from "excellent", "good", "fair", "poor"
and "terrible" were 46%, 28%, 17%, 5% and 0, respectively; P < 0.001; Chi-squared analysis). Correct identification of glutencontaining ingredients was similar amongst each self-ranked knowledge category; however, participants in a lower self-rating knowledge category were less likely to correctly identify gluten-free ingredients (Figure 2 ), indicating that someone with poorer knowledge was more likely to over-than under-restrict their diet. A better self-rated knowledge category was also associated with better understanding of coeliac disease (perfect score in descending order of self-rating categories 92%, 90%, 81%, 71%, 100%; [12] [13] [14] [15] [16] [17] [18] [19] [20] ).
| Predictors of adherence to a gluten-free diet
Of the 5310 respondents who completed the Celiac Dietary Adherence Test, 3230 (61%) were adherent to a gluten-free diet. Multivariate association coefficient estimates from a logistic regression model with adherence to a gluten-free diet are shown in Table 2 . The estimated adherence probability increased with age and was poorest between the ages of 13-26 years and worse with increasing risk of mental disorder according to the Kessler Psychological Distress Scale (Figure 3 ).
| Predictors of poorer quality of life
Independent predictors of a poorer quality of life indicated by the Coeliac Disease Quality of Life score are shown in Table 3 . Age, severity of symptoms after gluten ingestion, psychological distress and adherence to a gluten-free diet were found to be significant predictors of quality of life (Table 3) . Specifically, poorer quality of life was significantly associated with a younger age, possibly due to the impact of coeliac disease on the social lifestyle in younger people.
Unsurprisingly, the more severe the symptoms, the greater the impact on quality of life ( Table 3 ). The impact of severe symptoms on quality of life was estimated to be nearly 3 times as large as that seen in those with moderate symptoms (coefficient estimate of 3.05 for severe symptom vs 1.17 for moderate symptoms; Table 3 ). Additionally, greater likelihood of psychological distress, as indicated by the Kessler Psychological Distress Scale, was also found to be associated with lower quality of life (Table 3) . Lastly, non-adherence to a gluten-free diet was estimated to have almost the same level of negative impact on quality of life as the presence of severe symptoms after gluten ingestion (Table 3) .
| DISCUSSION
Adherence to a gluten-free diet is crucial for adequate treatment of coeliac disease, but adherence rates vary greatly. Difficulties in determining rates and predictors of adherence may be due to small sample sizes of past studies. This survey-based study of over 7000 0 F I G U R E 2 Self-assessment of ability to adequately apply a gluten-free diet compared to percentage of correctly identifying gluten-containing and gluten-free ingredients in 6312 people with coeliac disease. There are significant differences among correct identification of gluten-free ingredients in the groups of patients who rated themselves as "excellent", "good" and "fair" knowledge (chi-squared analysis)
people with coeliac disease is the largest of its kind, both within Australasia, and worldwide. Of the 5310 survey respondents who provided adherence data, 61% had excellent or very good adherence to a gluten-free diet. It is important to acknowledge that there were a large proportion of respondents who were members of their coeliac disease advocacy organisations (68%). It is probable these respondents are more informed and health conscious, so the rate of adherence described may over-estimate what is seen in the general coeliac disease population, although 61% is comparable to other studies utilising the Celiac Dietary Adherence Test. 28, 29 Independent predictors of adherence were male gender, older age, more severe symptoms associated with gluten ingestion, better knowledge scores and lower psychological levels of distress. Factors such as adverse symptoms and food knowledge associating with better adherence are both predictable and consistent with previous research. 25, 30 An interesting finding in this study was that people with self-perceived poorer knowledge in reading labels were more likely to incorrectly identify gluten-free foods but could still recognise gluten-containing foods, yet, were more likely to be nonadherent. A barrier to good adherence in some patients could be the perception that a gluten-free diet is more restrictive and harder than it actually is. These data suggest that referring non-adherent patients to a dietitian may be of value if their knowledge level in applying a gluten-free diet is poor. On the other hand, psychological distress was very common amongst people with coeliac disease who were non-adherent. In the presence of an underlying mental health problem, mental health assessment is appropriate and treatment may potentially support improved adherence, particularly if assessment of their knowledge skills 19, 25 is deemed adequate. The proportion of people with elevated psychopathology, indicated by the Kessler Psychological Distress Scale, is comparable to other studies conducted in patients with coeliac disease. 31 While being male and older are unexpected factors associated with adherence to a gluten-free diet, these factors are nonmodifiable and potentially, the older age may indicate a longer time since diagnosis. Screening studies indicate coeliac disease affects a higher proportion of females in Australia Quality of life was assessed as a separate outcome variable because literature has been conflicting in whether people with treated coeliac disease had better or worse quality of life than the general population. 34, 35 These past studies were conducted in different times and countries, so perhaps the quality of life was more reflective of ease of application of treatment. Anecdotally, a gluten-free diet is becoming easier to apply in Australia in recent years, as indicated by increased variety and choice of gluten-free manufactured food products and improving availability in restaurants in metropolitan Australian cities. 36 The current findings indicate that good adherence to a gluten-free diet was associated with the presence of increasing symptom severity after gluten ingestion. It may be that application of a gluten-free diet is less onerous than in past times and the improved health outcomes, including symptoms, now outweigh the difficulties of the diet in a proportion of patients.
While not the main aim of this study, an added benefit of completing a survey of this considerable magnitude is that it allows acquisition of important data on diagnosis and management of Australians and New Zealanders with coeliac disease. These findings suggest that the method of diagnosis of coeliac disease is much better than expected, 37, 38 with 84% being adequately diagnosed via gastroscopy and small bowel biopsy, the current gold standard of 100 P < 0.001 showed that the majority of people who follow a gluten-free diet do not have adequate investigation of coeliac disease, 37 although this was a different population studied. Perhaps more surprising information is that over one-third of people diagnosed with coeliac disease have never seen a dietitian and will rely on the internet or friends/ family for their information of treatment. This may be an explanation for the general poor rates of food knowledge amongst the survey respondents and specifically the poor ability to identify gluten-free food ( Figure 2) . Indeed, the most common complaint of survey respondents who did not follow a gluten-free diet was experiencing difficulty in following the diet in all or some environments, such as while travelling. These findings support consensus treatment guidelines that stress the importance of newly diagnosed patients having thorough education of a gluten-free diet, including advice on diet practicalities, preferably from a dietitian with expertise in coeliac disease. 39, 40 Additionally, as a large proportion of people are also restricting other food components, such as lactose and FODMAPs (16% and 9%, respectively), expert advice on how to minimise excessive restriction and ensure nutritional adequacy that is tailored to each individual patient's needs is indicated.
Cross-sectional survey evaluation of adherence to a gluten-free diet in Australian and New Zealander patients with coeliac disease showed that poor knowledge of applying a gluten-free diet and reduced psychological wellbeing were independent modifiable risk factors for inadequate adherence to a gluten-free diet. Dietitian involvement in patient management and involvement of a mental health care professional in the presence of psychological distress should improve adherence and health outcomes.
